ABSTRACT It has been postulated that platelet function plays an important role in the initiation of atherosclerosis. Currently there are no definitive data on the longer-term effects of regular physical exercise on platelet function in humans. We assessed the influence of regular moderate-intensity physical exercise (brisk walking to slow jogging) on platelet aggregation in a population-based sample of middle-aged, overweight, mildly hypertensive men in eastern Finland. In this controlled study, we evaluated the net effect of exercise on platelet aggregation by studying changes in optical density and ATP release in platelet-rich plasma. A significant inhibition of secondary platelet aggregation from 27% to 36% was observed in the men taking regular exercise. These findings give new insight into the possible protective effects of exercise against the risk of ischemic heart disease. Circulation 74, No. 5, 939-944, 1986. INTERACTIONS among platelets, lipoproteins, and arterial vessel wall have been postulated to be centrally involved in the development of atherosclerosis. Increased low-density lipoprotein (LDL)-cholesterol, causing endothelial injury, together with an increased rate of LDL infiltration promote platelet aggregation. The ensuing smooth muscle cell proliferation and cholesterol accumulation together with the secretion of connective tissue matrix finally initiate the formation of atherosclerotic plaque.1 Furthermore, there is evidence of thrombosis in coronary arteries both in myocardial infarction2 and sudden cardiac ischemic death,3 possibly caused by continuous arterial microemboli.'
INTERACTIONS among platelets, lipoproteins, and arterial vessel wall have been postulated to be centrally involved in the development of atherosclerosis. Increased low-density lipoprotein (LDL)-cholesterol, causing endothelial injury, together with an increased rate of LDL infiltration promote platelet aggregation. The ensuing smooth muscle cell proliferation and cholesterol accumulation together with the secretion of connective tissue matrix finally initiate the formation of atherosclerotic plaque.1 Furthermore, there is evidence of thrombosis in coronary arteries both in myocardial infarction2 and sudden cardiac ischemic death,3 possibly caused by continuous arterial microemboli.'
The initial phase of thrombosis is thrombocyte aggregation, preceded by the activation of platelets. 5 An increased activation of platelets has been observed in patients with ischemic heart disease (IHD) during physical exercise,6'7 although not consistently. porarily increased platelet aggregation has been observed in healthy young men after both short-term9 and long-terml' strenuous running exercise. At present, no experimental data are available on the longer-term effects of physical training on platelet aggregability in humans. The overall purpose of this study was to investigate the effects of regular low-intensity physical exercise on risk factors for IHD and on platelet function in vitro. Our results demonstrate that exercise training can lower the sensitivity of platelets to the action of agonist, a potentially beneficial effect.
Methods
Subjects. The subjects for this study were The subjects assigned to the exercise group were given an individually prescribed progressive training program for 12 weeks based on their VO2max. Toward the end of the intervention, the training intensity achieved 45% to 55% of the VO2max; exercise consisted of brisk walking and slow jogging five times a week, 45 to 60 min per session. Each exercise session included warming-up and cooling-down phases. The prescribed training intensity was controlled by a portable heart rate recorder (Sport Tester, Escotec).
Biochemical analyses. To avoid the possible immediate responses to physical exercise, the subjects were asked to abstain from any additional physical activity after the maximal exercise test, which was done 1 week before blood sampling, both before and after the intervention period. In addition, they were asked not to take any anti-inflammatory analgesics during the 2 preceding weeks and to abstain from alcohol 1 week before blood sampling. Their compliance, based on questioning before venipuncture and on the negative results of screening for salicylates12 in the serum at the end of the intervention, was excellent.
Venipuncture took place after the subjects were in the supine position for half an hour, following a 12 hr fast, and blood was collected without a toumiquet into siliconized vacuum tubes (Terumo Venoject) training were also estimated and tested by the analysis of covariance with adjustments for changes in dietary intake of polyunsaturated/saturated fatty acids (P/S ratio), and in alcohol consumption and for the baseline value of the respective aggregation variable. The association between the changes in serum thromboxane and platelet aggregation during physical exercise was analysed by regression analysis. All statistical inferences were based on two-tailed tests.
Results
There were no differences between the exercise and reference groups, respectively, in the mean baseline values of body mass index (27.7 vs 27.8 kg/m2), VO2max (38.4 vs 36.1 ml/kg/min), alcohol intake (2.6 vs 3.1 g/day), or P/S ratio (0.26 vs 0.27). The net differences of these variables changed insignificantly, the greatest change being an increase of 9% in the V02max in the exercise group.
At baseline there were no differences in the aggregation measures (table 1) between the groups. Primary (reversible) aggregation of platelets did not change in either of the two groups during the training period. The secondary (total minus primary phase) aggregation time was reduced by 52% in the exercise group and by 17% in the reference group, giving a net effect of exercise of 36% (p = .019). The extent (mV) of secondary platelet aggregation was reduced, i.e., optical density increased by 70% in the exercise group, and by 41% in the reference group, for a net effect of 27% (p = .21 1). The amount of ATP released was reduced by 60% in the exercise group and by 19% in the control group, giving a 32% (p = .080) net effect of training.
Adjustment for covariates (see Methods) increased the statistical significance of the net differences for the 
Discussion
Our data show that increased regular physical activity of low-to-moderate intensity results in reduced platelet aggregability in vitro in middle-aged, overweight, untreated, mildly hypertensive men compared with men whose physical activity level remains stable. The main finding is that regular physical exercise seems to have a long-term inhibitory effect on platelet aggregation, which persists for several days. This is in contrast to the immediate proaggregatory effect of acute physical exercise, reported to last for a few hours after exercise.9 Although platelet aggregation is only one part in the complex "cascade of thrombogenesis," these data may have important public health implications. They may fill some of the gaps in understanding how regular physical activity protects against ischemic vascular diseases.'417
Our study population was derived on the basis of of secondary aggregation. Other likely explanations could be biological fluctuation in aggregation phenomena and regression toward the mean. The decisive observation, however, is the net effect attributable to physical training. These data emphasize the importance of having a randomized design with a sedentary control group. Without the reference group, the effect of physical training on platelet aggregability would have been overestimated.
In conclusion, our results demonstrate the role of moderate-intensity regular physical exercise in reducing platelet aggregability, which is observable at least 1 week after discontinuing the exercise. This effect might have a favorable influence on prevention of atherosclerosis and ischemic heart disease.
